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30 30 10 -0.128 -0.219 -0.164 0.127 -0465 0.046
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1.0: 10 30 -0.051 -0.482 -0.209 0.377 0306 0.108
3.0 10 30 -0024 -0384 -0.162 0229 -0350 0.126
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Material Porosity ¢ Permeability K [cm?] Surface per unit volume [em™']
Agar-agar 2x 1071944 x 10°°

Black slate powder 0.57-0.66 49 x 101212 x 107 7% 10°-8.9 x 10°
Brick 0.12-0.34 48 x107"'-22x10°°

Catalyst (Fischer-Tropsch, granules only) 0.45 56x 10°
Cigarette LIx107°

Cigarette filters 0.17-0.49

Coal 0.02-0.12

Concrete (ordinary mixes) ~0.1

Concrete (bituminous) 1 x 10223 x 1077

Copper powder (hot-compacted) 0.09-0.34 33x10°%-15x 10°°

Cork board 24x107-5.1 x 107

Fiberglass 0.88-0.93 560-770
Granular crushed rock 0.45

Hair (on mammals) 0.95-0.99

Hair left 8.3x106-12 x 103

Leather 0.56-0.59 9.5x 101012 x 10-° 1.2 x 10*-1.6 x 10*
Limestone (dolomite) 0.04-0.10 2x107145 x 1071

Sand 0.37-0.50 2x107-1.8 x 107 150-220
Sandstone (“oil sand”) 0.08-0.38 5x1072-3x 107

Silica grains 0.65

Silica powder 0.37-0.49 13 x1071%-5.1 x 1071 6.8 x 10°-8.9 x 10°
Soil 0.43-0.54 29x 107°-14 x 1077

Spherical packings (well shaken) 0.36-0.43

Wire crimps 0.68-0.76 38x10°-1x 107 29-40
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Abstract

In this thesis, different natural convection boundary layers flow for both
double-diffusive and mono-diffusive fluids over a vertical flat plate in a saturated
porous medium and in the presence of a nanofluid are studied. Non thermal
equilibrium model is assumed in the porous medium. The vertical plate in two
boundary conditions would studied. In the first case the temperature and other
studied parameters on the wall are a power law function of distance from the
bottom of the wall. In the other case all fluxes throughout the wall vary
exponentially. Use of nanofluid give rise to entering effects of Brownian motion
and Thermophoresis effect to the problem and with considering Double-diffusion;
Soret and Dofour effects are accounted in the governing equations. Combined heat
and mass transfer is applied. Darcy law and Boussinesq approximation are used to
model momentum equation in porous medium. Following the case case a
similarity parameter for any wall boundary conditions is defined and with aid of
that the governing equations transported to ordinary differential equations and
solved by finite difference method. The results show that using of nanofluid as
operating fluid, increases thermal boundary layer thickness and cause to
nanoparticle Sherwood namber abate considerably. Also results show temperature
boundary layer of solid phase and fluid phase will be coincide as heat transfer
coefficient H and thermal conductivity ratio y tend to infinite or in other state

solid phase and fluid phase attend to thermal equilibrium state.

Keywords: Natural Convection; Porous Medium; Thermal Non-Equilibrium;
Nanofluid; Double Diffusive.
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